In a systematic review and meta-analysis, the prevalence of periimplantitis was estimated to be 18.5% at the patient level and 12.8% at the implant level.
surface treatment of the affected sites were evaluated. 3 It was observed that the surfaces were primarily treated with mechanical means. Subsequently, agents, such as chlorhexidine, hydrogen peroxide, and cetylpyridinium chloride, were often added to improve surface decontamination. 3 Among the various mechanical protocols used for surface decontamination, gauzes soaked in saline have been applied in various clinical and experimental studies. In a retrospective clinical study on 50 patients, 4 the peri-implant tissue was removed and the implant surface was cleaned using gauzes soaked in saline.
Calculi were eliminated, and resective surgery was done when necessary. The therapy was found to be successful in follow up from 2 years to 11 years. Cleaning with saline-soaked gauzes has also been effectively done in several animal experiments, demonstrating optimal outcomes. [5] [6] [7] Rotatory titanium brushes have also been tested in both in vitro and in vivo studies. In an in vitro study, 8 60 titanium disks with an sandblasted large-grit acid-etched (SLA) surface were contaminated with plaque collected from six volunteers. The discs were cleaned using either rotatory titanium brush or curettes. A microscopy analysis revealed that the residual plaque area was lower at the titanium brush-treated site compared to the curette-treated site. Moreover, the scanning electron microscopy analysis showed no surface alteration after titanium brush debridement. In a dog study, the experimental peri-implantitis sites were treated using a rotatory titanium brush, adding either sodium hypochlorite and chlorhexidine or chlorhexidine alone, or were treated with an ultrasonic device and chlorhexidine. 9 Similar results were found in a histomorphometric analysis among the three different treatments.
However, it appears that there is still a lack of evidence to suggest the best mechanical approach for implant surface cleaning. 10 Therefore, the aim of the present study was to evaluate the efficacy on healing of mechanical decontamination of infected implant surfaces performed with a titanium brush.
| MATERIAL S AND ME THODS
The experimental protocol was submitted and approved by the 
| Sample
The rules for animal care in Cuba were strictly followed. Six Beagle dogs, weighing approximately 9-10 kg and 1-2 years of age, were selected and coded by veterinarians at a breeding center (Centro Nacional para la Producción de Animales de Laboratorio) in Cuba.
The animals were maintained in pairs in kennels on concrete runs at the field laboratory of the University of Medical Sciences of La
Habana, Cuba. The distribution in the kennels was performed by laboratory personnel without any interference from the authors.
The animals were fed moistened balanced dog food and had free access to water. The timeline of the experiment is reported in Figure 1 .
Due to the preclinical study nature and the absence of studies that compared similar methods of mechanical cleaning, and according to the Three Rs, 12 a split-mouth design was adopted to eliminate interference among animals. This justified the use of a low number of animals, which was judged to be sufficient to analyze the healing results with acceptable approximation and to provide sufficient representativeness of the sample (N = 6).
| Surgical procedures
Implant installation and peri-implant treatments were performed by an expert surgeon (PV). At all surgical sessions, anesthesia was in- were installed each side of the mandible in the premolar region.
The coronal margin of the rough surface was placed at the level of the buccal bony crest. Healing abutments were affixed onto the implants, and the flaps were sutured to ensure unsubmerged healing.
F I G U R E 1 Timeline of the experiment
Wound care and abutment cleaning were initiated. After 3 months of healing, ligatures were placed deep in the sulcus of the four implants, and plaque control procedures were discontinued. Ligatures were changed after approximately 6 weeks, and removed after 3 months from the first placement. After one more month of plaque accumulation, treatments of the induced peri-implantitis were performed. The flaps were opened and the infiltrated soft tissues removed. When present, calculi were eliminated using curettes. Two implants were randomly assigned to the control sites, and they were cleaned with gauzes soaked in saline, followed by irrigation with saline. The treatment was repeated 10 times. At the test sites, the two implants were cleaned using a titanium rotating brush (TiBrush; Institute Straumann AG, Basel, Switzerland), followed by abundant irrigation with saline to remove debris ( Figure 2 ). Resorbable sutures were used to close the flaps to ensure unsubmerged healing.
| Maintenance
Antibiotic (Convenia 8 mg/kg, Pfizer) and 2 mg/kg (tramadol Altadol; Formevet, Milan, Italy) per diem were administered for 5 days, both after implant installation and peri-implantitis treatment. Daily inspections of the wounds for clinical signs of complications were performed during the first week after the surgeries.
Subsequently, inspections and cleaning of abutments were performed twice per week during the periods in which plaque control was allowed.
| Euthanasia
The animals were euthanized 5 months after peri-implantitis treatment. Sodium heparin (1000 IU), 0.02 mg/kg atropine, 1 mg/kg xylazine (Rompun, Kiel, Germany), and 5 mg/kg ketamine (Laboratorios LIORAD) were administrated and the heart was arrested using 25 meq potassium chloride intravenously (Aica, La Habana, Cuba). The carotid arteries were subsequently isolated and perfused with a fixative (4% formaldehyde solution).
| Histological preparation
Block sections containing one implant each were prepared and placed in 4% formaldehyde. The sections were dehydrated in a series of graded ethanol and subsequently embedded in resin. One central histological slide was obtained in the buccal-lingual plane following the recommendation of the producer of the equipment (Exakt;
Apparatebau, Norderstedt, Germany). The histological slides were stained with Stevenel Blue and Alizarin Red.
| Histometric evaluations
All histological evaluations were performed using an Eclipse Ci microscope (Nikon, Tokyo, Japan) and NIS-Elements D version 4.0 software (Laboratory Imaging; Nikon, Japan).
| Radiographic measurements
Digital X-rays were taken at the time of peri-implantitis treatment and after euthanasia. ImageJ (National Institute of Health, Bethesda, MD, USA) was used for the measurements. The calibration was obtained using the length of the implants.
The following landmarks were defined: IS, shoulder of the implant; B, most coronal contact of bone to the implant surface; C, top of the bone crest; and M, the coronal margin of the rough surface.
The following vertical distance were measured: IS-B, between IS and B; IS-C, between IS and C; and V-defect, the difference between IS-B and IS-C. H-GAP was defined as the horizontal distance between the implant surface and C. Distances M-B and M-C were calculated by subtracting the height of the polished neck from IS-B
and IS-C, respectively.
| Randomization and allocation concealment
Randomization for the sides of the mandible and treatments was performed electronically (randomization.com) by one of the authors 
| Data analysis

| RE SULTS
One implant in the brush group was lost during peri-implantitis induction. At the time of treatment, the X-ray evaluations revealed a mean loss of marginal bone of 2.6 ± 0.6 mm and 1.9 ± 1.0 mm in the brush and gauze groups, respectively. Vertical defects and horizontal defects were present in both groups (Table 1) A mean loss of attachment at the buccal aspect (distance M-B) of 2.2 ± 0.9 mm for the brush group and 2.3 ± 0.5 mm for the Gauze group was observed during the histological analysis (Table 3 ) (Figure 6 ). Small amounts of inflammatory infiltrates and osteoclastic activity were seen close to the peri-implant crestal bone. Only one case showed a greater inflammatory reaction close to the marginal bone and several osteoclasts laying on the outer contour of bone crest.
| D ISCUSS I ON
The aim of the present study was to evaluate the efficacy on healing of mechanical decontamination of infected implant surfaces performed with a titanium brush. After 5 months of healing, the radiographic assessments showed an improved level of osseointegration in both groups of.6 mm. No statistically-significant differences were found. Moreover, the histological analysis revealed a low presence of inflammatory infiltrates and of osteoclastic activity close to the peri-implant crestal bone.
The outcomes from the present study are in agreement with a series of other clinical and experimental studies. A systematic review evaluated 43 publications that included non-surgical and surgical case series and comparative studies of non-surgical and surgical treatments. 14 Favorable short-term results were reported in several of the included studies. However, it was concluded that the available evidence did not allow any recommendations for peri-implantitis treatment. Nevertheless, surgical peri-implantitis treatment has been shown to be more effective when compared to non-surgical treatment, 15, 16 even though the evidence available does not allow strong conclusions due to the limited number and low methodological quality of the studies. 14 Moreover, there is still no clear evidence as to the best mechanical approach, even though air abrasive devices might present better surface decontamination. 10 In the present study, a small coronal gain of marginal bone was observed after 5 month of healing. The gain was obtained in almost all the implants. This means that both treatments were effective in the control of the disease, at least in the short term.
The results obtained in the present experiment regarding the gain in coronal bone level are in agreement with the outcomes from other experimental studies on peri-implantitis treatment. In a recent systematic review on experimental studies on peri-implantitis treatments, 17 data on re-osseointegration from 15 studies were analyzed.
It was concluded that better results were obtained at rough surfaces compared to turned surfaces and when regenerative therapy was added to the mechanical debridement. However, similar to the present study, re-osseointegration was also obtained when no regenerative techniques were applied.
17
Indeed, a series of experiments were performed in dogs on periimplantitis treatment without the use of regeneration procedures.
In a dog experiment, peri-implantitis was induced at implants with either moderately rough or turned surfaces. 5 Both types of implants were surgical treated at the test sites with a combination of CO 2 TA B L E 2 Brush and gauze sites. Differences (in mm) at the mesiodistal aspects between the measurements by X-rays taken at the time of treatment and after 5 months of healing
Mean values ±SD and median (25%-75% percentiles)
Mean values ± SD and lower, upper 95% CI of the difference of the Δ means Another similar study was performed in dogs, 7 in which four different surfaces were tested: TiOblast, Osseospeed, AT-I, 18 TiUnite. In conclusion, the present study showed that mechanical implant surface decontamination performed with a rotatory titanium brush could result in a gain in the marginal bone level in the short term, yielding a low content of inflammatory infiltrate close to the marginal bone. 
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